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@ Low-temperature MOSFET source drain structure with ultra-short channel. 

@ The field effect transistor FET (30) in accord- 
ance with the invention includes a substrate or 
layer (31) in which areas in which transistors are 
formed are separated by shallow isolation tren- 
ches (32) formed of an oxide or other insulative 
material. Metal source and drain deposits (33), 
preferably of tungsten, extend into the sub- 
strate or layer (31) for a distance beyond shal- 
low junction structures (34), adjacent to the 
source and drain (33) and serving to connect 
the source and drain to the conduction channel 
of the FET which extends between them. Gate 
(35) of N+ polysilicon or polycide is insulated 
from the conduction channel by gate insulator 
(37), preferably formed of an oxide of the sub- 
strate material. Gate oxide (37) extends over the 
shallow junctions structure (34) between the 
metal source and drain deposits (33). Oxide 
gate sidewalls (38) cover the region between the 
gate edges and the edge of the metal source 
and drain deposits (33). The gate sidewalls (38) 
are also preferably covered with a thin (e.g. 40 
nm) nitride spacer (39). Optionally, a cap of 
polycide or metal such as tungsten (particularly 
if polycide is used for the gate) can be provided 
on the gate. This ultra-short channel FET pro- 
vides a combination of a shallow junction for 
injection of carriers into a conduction channel 
and a Schottky barrier below the shallow junc- 
tion with a lowered barrier height to reduce the 
depletion region and punch-through effects. A 
preferred method of fabricating this structure 
which includes both etching and metal deposh 
tion selectively on only semiconductor material, 
thus allowing use of only a single patterning 
step with registration tolerances comparable to 
channel length while allowing extremely high 
integration density, is also disclosed herein. 
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The present invention generally relates to field 
effect transistor structures and, more particularly, to 
ultra-short channel MOSFET structures. 

Transistor designs can be generally grouped into 
two classes: bipolar transistors and field effect tran- 5 
sisters. Bipolar transistors have been developed to 
very high performance levels and extremely small 
size in terms of substrate area occupied since the 
junctions thereof can be formed in sequence in a di- 
rection perpendicular to the substrate. However, the 10 
basic principles underlying the bipolar transistor re- 
quire a base or input current when the transistor is in 
the "on" or conductive state. Also, because conduc- 
tance occurs across semiconductor junctions, devel- 
opment of bias voltages is required for proper opera- 1 5 
tion. 

In contrast, conduction in field effect transistors 
(FETs) occurs through a channel which need not nec- 
essarily contain a junction although junctions have 
been added to some FET designs to improve perfor- 20 
mance. The width of the channel and, hence, the re- 
sistance of the channel is controlled by a gate which 
is insulated from the conduction path. Therefore, no 
continuous current is required for control of the FET 
but only a small current sufficient to charge and dis- 25 
charge the capacitance of the gate when the conduc- 
tion state is changed. 

Field effect transistors are, therefore, particular- 
ly advantageous for logic circuits. The fact that no 
current is required to maintain conduction increases 30 
"fan out", the number of devices that can be reliably 
driven by a preceding or input device in the overall cir- 
cuit. Also, since input current is required only during 
the change of state of the transistor, power consump- 
tion and the requirements for heat dissipation are 35 
generally low and mostly dependent on the maximum 
required switching rate and current and resistance in 
the conduction channel. Further, when logic circuits 
are developed using field effect transistors, heat dis- 
sipation due to the small resistance of the channel is 40 
limited by the relatively small currents required when 
fan out (e,g, the number of devices driven) is suitably 
limited. 

However, since field effect transistors are highly 
suited to logic circuitry, incentives for miniaturization 45 
exist to an even greater extent for field effect transis- 
tors than for bipolar transistors. More specifically, the 
current required during change of conductance states 
is a function of the gate capacitance. Therefore the 
speed of response, power consumption (and heat dis- so 
sipation) and the current requirements (and fan out) 
are dependent on gate capacitance which may be re- 
duced with the size of the gate or the drain to source 
channel length. Also, in integrated logic circuits, 
speed is increased by short conductor length and it is, 55 
therefore, very desirable to form as many elements 
on the same chip as possible. 

So-called complementary metal-ox ide-semicon- 
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ductor (CMOS) designs have become popular in logic 
circuit designs for numerous reasons due to their 
noise immunity, operability over wide voltage ranges 
and other properties even though a greater number 
of transistors is necessary on a chip for equivalent 
logic functions than with other FET technologies. An 
impurity well of opposite conductivity type is also re- 
quired for one of the transistors of each complemen- 
tary circuit. These additional structures occupy 
space on the chip and thus further contribute to the 
incentive for miniaturization of the transistors formed 
thereon. 

Several limitations on miniaturization of field ef- 
fect transistors have been encountered. Most impor- 
tantly, perhaps, it is extremely difficult to form field 
effect transistors with the conduction path or channel 
other than parallel to the substrate. Therefore, the 
size of the transistor cannot generally be made small- 
er than the size of the gate or the conduction channel. 
Further, as the conduction channel is made small, 
several adverse effects on transistor performance 
occur. 

Specifically, the series resistance of an FET is a 
function of both the cross-sectional area and length 
of the conduction channel. It is desirable to limit the 
depth to which the conduction channel extends in or- 
der to limit the voltage which is needed to control the 
FET as well as to limit leakage and punch-through ef- 
fects. This depth is generally limited by the depth to 
which source and drain contacts extend into a body 
of semiconductor material such as a structure having 
shallow impurity implants of an opposite conductivity 
type to that of the conduction channel material. When 
such implants extend less than 1500 Angstroms into 
the conduction channel material, they are commonly 
referred to as a shallow junction. The use of shallow 
junctions causes the series resistance to increase. 
Series resistance must, however, be maintained at a 
low value in order not to degrade the extrinsic trans- 
conductance of FET. In general, the greater the ex- 
trinsic transconductance of the FET, the faster the cir- 
cuit performance obtained. Low series resistance is 
often achieved by siliciding (i.e. forming a metal sili- 
cide at a metal-silicon interface) of the source and 
drain or selectively depositing metal such as tungsten 
on the source and drain areas. However, this is diffi- 
cult to achieve consistently for shallow junctions. The 
silicidation consumes surface silicon and can give 
rise to increased leakage current. These increases in 
series resistance due to the reduction of cross- 
sectional area of the conduction channel cannot be 
fully compensated by decreases in the length of the 
conduction channel. While short conduction channel 
length is desirable both for miniaturization as well as 
low series resistance, when the conduction channel 
length is reduced below about 0.25 uin, threshold vol- 
tage (the voltage at which the drain current starts to 
increase quickly) is reduced due to charge sharing 
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with the drain junction. Similarly, leakage and punch 
through effects are increased. The leakage or "off- 
"state current is increased due to the reduced thresh- 
old voltage, resulting in increased standby current for 
the chip. When the threshold voltage Is lowered by a 5 
large amount, the device is said to be "punched 
through. While the threshold reduction can be limited 
by reducing the depth of the conduction channel, re- 
duction of depth of the channel degrades series re- 
sistance, as discussed above. 10 

The performance of FETs is improved by operat- 
ing at low temperatures where the increase in carrier 
(electron or hole) mobility causes transconductance 
to increase. However, in the prior art, FETs for low 
temperature applications has simply scaled thresh- 15 
old voltages and oxide thicknesses from "room tem- 
perature designs. 

Therefore, it is seen that related and conflicting 
design concerns effectively limit the minimum size at 
which FETs can be formed without degradation of 20 
performance. To date, all efforts to reduce series re- 
sistance and short channel effects have required ad- 
ditional regions to be formed, such as Schottky bar- 
riers, so-called lightly doped drain structures and the 
like which increase the number of process steps and 25 
have a substantial potential for reducing manufactur- 
ing yield due to the stringent requirements for mask 
registration at extremely small feature sizes. 

It is therefore an object of the present invention 
to provide an ultra-short channel FET structure in 30 
which both short channel effect and series resistance 
are reduced. 

It is another object of the invention to provide a 
field effect transistor structure applicable to CMOS 
designs which is of improved performance and can 35 
be produced with fewer processes steps and less 
stringent registration tolerances. 

It is a further object of the invention to provide a 
simplified, high-performance FET design which can 
readily be implemented in CMOS technology. 40 

In order to accomplish these and other objects of 
the invention, a field effect transistor is provided in- 
cluding, in combination, a semiconductor substrate of 
a first conductivity type, a metal deposit extending 
below a surface of the semiconductor substrate by a 45 
first distance, and an impurity doped region of a sec- 
ond impurity type adjacent said metal deposit and ex- 
tending below a gate of the field effect transistor by 
a second distance which is less than the first dis- 
tance. 50 

In accordance with another aspect of the inven- 
tion, a method of fabricating a field effect transistor 
is provided including the steps of forming blanket lay- 
ers of a gate oxide, a gate electrode material and an 
oxide over said layer of gate electrode material, over 55 
a layer of semiconductor material of a first conductiv- 
ity type having shallow isolation trenches formed 
therein, patterning the blanket layers to remove all of 



the material of the blanket layers except at a gener- 
ally centered location between a pair of the shallow 
isolation trenches, remaining portions of said blanket 
layers being laterally separated from edges of the 
shallow isolation trenches, implanting an impurity of 
a second conductivity type to a first depth between 
edges of the remaining portions of said blanketlayers 
and the shallow trenches, forming sidewall spacers 
on the remaining portions of said blanket layers, re- 
moving material from a surface of the layer of semi- 
conductor material to a second depth exceeding the 
first depth between said shallow trenches and said 
sidewalls, and depositing metal in volumes formed by 
thesaid removing step. 

The foregoing and other objects, aspects and ad- 
vantages will be better understood from the following 
detailed description of a preferred embodiment of the 
invention with reference to the drawings, in which: 
Figure 1 is a cross-sectional view of a conven- 
tional FET structure, 

Figure 2 is a cross-sectional view of a conven- 
tional Schottky barrier FET, 
Figure 3 is a cross-sectional view of a completed 
transistor in accordance with the invention, 
Figures 4, 5, 6, 7 and 8 illustrate stages of fabri- 
cation of the FET structure in accordance with 
the invention, and 

Figure 9 shows an alternative to the fabrication 
step of Figures 7 and 8 in accordance with a va- 
riation of the invention. 

Referring now to the drawings, and more partic- 
ularly to Figure 1, there is shown a conventional FET 
structure 1 0. In this case, an N-channel FET (N-FET) 
is shown but the conductivity types of impurities 
could be interchanged for a P-channel FET (P-FET) 
in Figure 1 and all other Figures of this application. 
Therefore, the structure illustrated and a similar 
structure having conductivity types of impurities re- 
versed are applicable, by extension, to CMOS circuits 
have at least one P-FET and at least one N-FET. The 
P-type substrate or layer 11 in which the conduction 
channel is formed could also be provided as a well, 
formed by implantation or other techniques. The N+ 
gate region 12 is separated from P-type substrate or 
layer 11 by an insulating gate oxide 13. Source and 
drain junctions 14 are formed at the boundaries of the 
channel under the gate oxide for carrying the current. 
These regions are overlaid with a metal silicide such 
as titanium silicide for reducing series resistance as 
discussed above as well as contact resistance. Note, 
however, that the junctions formed by the N+ regions 
14 are not of the shallow junction type. Also, it is pre- 
ferable in view of the well-known fabrication process- 
es for devices of this type and also to i mprove device 
breakdown voltage to provide insulating sidewall ox- 
ide deposits 15. Conduction is achieved in this type 
of FET by the existence or generation of an inversion 
region below gate 12 and extending between the 
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source and drain N+ regions 14 by application of a 
voltage to gate 12. 

Figure 2 shows a conventional Schottky barrier 
FET 20, again of the N-FET type; being formed on a 
P-type substrate or layer 21 . The gate structure 22, 5 
including gate oxide 23 and sidewall oxide 26, is sub- 
stantially similar to that of Figure 1. However, rather 
than the source and drain structures being provided 
as a metal silicide region 15 and an oppositely doped 
semiconductor region 14, metal 24 such as tungsten 10 
is deposited in shallow trenches to extend beyond the 
depth of the gate oxide. In this case, a potential bar- 
rier is formed at the interface between metal 24 and 
the p-type material and extending for a distance with- 
in the p-type material. This barrier also tends to re- 15 
duce leakage and to reduce series resistance in much 
the same manner as the junction in the conventional 
FET of Figure 1 . Conduction occurs in much the same 
way, as well. That is, the Schottky junction or diode 
is used to inject carriers into the channel in much the 20 
same manner as the junctions in the conventional 
FET of Figure 1 . The schottky barrier at the source 
end is used to inject carriers into the channel. This is 
similar to conventional FET 10. The carriers are ex- 
tracted at the drain side across a similar Schottky 25 
barrier which tends to reduce conduction compared 
to the conventional FET 10. In addition, the drain cur- 
rent for an ultra-short channel FETs having a channel 
length of less than 0.25 u.m. becomes limited by the 
thermionic emission limit of the source Schottky di- 30 
ode, due to the smaller injection area. 

The preferred structure of the ultra short channel 
FET is shown in Figure 3. It is to be understood that 
all Figures are somewhat idealized and none are to 
scale. The illustration of the invention in Figures 3 - 35 
9 is shown with similar gate lateral dimensions as the 
FETs of Figures 1 and 2 for clarity and to more readily 
contrast the novel structure of the present invention 
therewith. However, it is to be understood that the 
present invention, at low temperatures exhibits high 40 
performance even when fabricated with far smaller 
gate dimensions than the structures of Figures 1 and 
2. 

The FET 30 in accordance with the invention in- 
cludes a substrate or layer 31 in which areas in which 45 
transistors are formed are separated by shallow iso- 
lation trenches 32 formed of an oxide or other insu- 
lative material. Metal source and drain deposits 33, 
preferably of tungsten, extend into the substrate or 
layer 31 for a distance beyond shallow junction struc- so 
tures 34, adjacent to the source and drain 33 and 
serving to connect the source and drain to the con- 
duction channel of the FET which extends between 
them. Gate 35 of N+ polysilicon or polycide is insulat- 
ed from the conduction channel by gate insulator 37, 55 
preferably formed of an oxide of the substrate mate- 
rial. Gate oxide 37 extends over the shallow junctions 
structure 34 between the metal source and drain de- 



102 A2 6 

posits 33. Oxide gate sidewalls 38 cover the region 
between the gate edges and the edge of the metal 
source and drain deposits 33. The gate sidewalls 38 
are also preferably covered with a thin (e.g. 40 nm) 
nitride spacer 39. Optionally, a cap of polycide or met- 
al such as tungsten (particularly if polycide is used for 
the gate) can be provided on the gate. 

While appearing superficially similar to the 
Schottky barrier FET of Figure 2, the ultra-short 
channel FET 30 of the present invention is quite dif- 
ferent since it includes both a shallow junction used 
both to control the channel thickness and as an injec- 
tor for carriers and a Schottky barrier at both the 
source and drain to reduce the depletion region and 
control punch-through effects. The shallow junction 
structure 34, formed by low energy (e.g. 10-20 KeV 
for arsenic) N+ implants, are kept very shallow (e.g. 
50 nm or less), which serves to reduce the depletion 
region and thus reduces punch-through effects. The 
use of a Schottky barrier for the bulk of the contact 
reduces the barrier energy across the depletion re- 
gion. While reduction of the barrier height would also 
increase leakage when the transistor is operated at 
room temperature and when the transistor is fabricat- 
ed with an ultra-short channel (e.g. under 0.25 fim), 
at reduced temperatures, leakage is greatly reduced 
since the electron energy is reduced below the height 
of the Schottky barrier. For example, at 77° K, leak- 
age is reduced by several orders of magnitude (e.g. 
a factor of more than 1 000 000). The ultra-short 
channel reduces series resistance and no siliciding is 
required. Therefore there is no spreading resistance. 
Thus the combination of the shallow junction struc- 
ture carrier injector and Schottky barriers to reduce 
the depletion region may be usefully exploited at low 
temperatures to form a high performance transistor. 
The shallow N+ junction at the source end removes 
the thermionic emission limitation on the drain cur- 
rent on the Schottky barrier FET. The shallow junc- 
tion at the drain (high voltage) end removes the bar- 
rier to carrier extraction from the channel and, hence, 
reduces series resistance as compared to the Schott- 
ky barrier FET 20. Therefore, performance is compar- 
able to or better than the conventional FET with much 
reduced short channel effect. 

Referring now to Figures 4-8, the preferred fab- 
rication methodology of the invention will now be dis- 
cussed. In this regard, and while it is to be understood 
that the principles of the invention are applicable to 
larger transistors and non-cryogenic devices, the 
fabrication of ultra-short channel FETs imposes dif- 
ficult registration tolerances on masking and pattern- 
ing processes. 

By way of introduction to this process, it is well- 
known in the art, that metals such as tungsten can be 
selectively deposited only on exposed semiconductor 
material but not on oxide surfaces. It will therefore be 
appreciated in the description of the fabrication proc- 
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ess which follows that by maintaining a desired pat- 
tern of semiconductor and oxide over the areas in 
which transistors are to be formed in accordance with 
the invention, only a single patterning step requiring 
any degree of registration accuracy is required and, 
even in that step, registration tolerances are substan- 
tial. Only a small number of process steps are re- 
quired and this may be further reduced in the com- 
pletion of the transistor by combining the formation 
of the source and drain metal deposits with the well- 
known steps of formation of contact studs. 

Beginning with Figure 4, it will be assumed that 
the layer or substrate 31 , which could also represent 
a well of opposite impurity type in a layer or substrate, 
has been prepared with shallow insulator (e.g. oxide) 
isolation trenches 32 which define the locations on 
the layer or substrate where the transistors are to be 
formed. The substrate or layer 31 could also have 
both P-type and N-type regions or wells for fabrica- 
tion of CMOS integrated circuits. These shallow 
trenches are preferably separated by a distance of at 
least five times the channel length of the transistor 
design (e.g. 1.0 - 2.0 urn). This spacing is preferably 
based upon the registration tolerance which can be 
achieved at high yield with regard to gate location 
within this area. However, it is otherwise desirable to 
keep this spacing small for maximum integration den- 
sity consistent with high manufacturing yield. 

Then, as shown in Figure 5, a blanket oxide layer 
51 is formed over areas of the chip where transistors 
in accordance with the invention are to be formed. 
This is preferably done by heat treatment in an oxy- 
gen containing atmosphere in a manner well under- 
stood in the art. This oxide layer is followed by depos- 
ition of a gate electrode material layer 52 preferably 
of N+ polysilicon or ametal silicide followed by forma- 
tion of a further oxide layer 53. It should be noted that 
these layers are all blanket layers and, at most, rela- 
tively low precision masking of areas not containing 
transistors in accordance with the invention is re- 
quired. In addition, this polysilicon can be masked 
and doped P+ and N+ to form P-FETs and N-FETs. In 
practice, even this masking is seldom required since 
these three layers will be removed by etching (prefer- 
ably reactive ion etching (RIE)) everywhere except 
where the gates are to be formed, as shown in Figure 
6 at bracket 61. 

It should be noted that the formation of the gates 
at 61 is the only step of the process in accordance 
with the invention which requires patterning of layers 
of material. Registration of masks or other arrange- 
ments for achieving patterning need only be of suffi- 
cient accuracy to locate the gate area 61 at some 
point between the isolation trenches with enough 
space to form a source or drain metal deposit and a 
shallow junction on either side. Therefore registration 
tolerance is at least as great at the length of the gate. 

It should also be noted that afterthe gate forming 



etch, the entire surface is comprised of either oxide 
or semiconductor (e.g. silicon, which is preferred al- 
though other semiconductor materials such as ger- 
manium could be used). Therefore, the low energy 

5 implantation of N type impurities to form shallow 
junction precursor structures 62, 62' in the semicon- 
ductor are essentially self masking. After this shallow 
ion implantation is done, gate insulator sidewalls 38 
are formed. Alternatively, etching could first be done 

10 with patterning to leave oxide at 64 intact with implan- 
tation limited to areas 62 (since this implanted region 
will be later removed). Then impurities could be dif- 
fused into region 62' and the remainder of the side- 
walls formed. However, this technique requires a 

15 greater number of steps and an additional patterning 
step and is therefore not preferred although consid- 
ered to be within the scope of the present invention. 

Note that the surface as shown in Figure 6 re- 
mains either oxide or semiconductor. Thus, as shown 

20 in Figure 7, by appropriate choice of etchants, prefer- 
ably chlorine-containing dry etches, the semiconduc- 
tor layer 31 can be selectively etched in a self masked 
manner to form trenches 71 to a depth of about 100 
nm in order to complete formation of the shallow junc- 

25 tion structures. Then, as shown in Figure 8, metal 81 
is selectively deposited on the semiconductor in the 
areas etched to form the source and drain contacts 
pads and to form the Schottky barrier below the shal- 
low junctions. This metal deposition is followed by a 

30 gate opening etch step to remove the oxide at 82. 
Tungsten is preferred as a metal for deposits 81 since 
it serves well as an etch stop for this operation. Oxide 
will also be attacked by the etching process at 83 but 
etching in these areas does not affect the transistor 

35 or the isolation properties of the shallow isolation 
trenches. Then, a further selective deposit of poly- 
cide and/or tungsten is made in volume 82. This may 
also cause deposition of material at locations 84 over 
the metal deposit 81 but, again, this does not affect 

40 the operation or electrical characteristics of either the 
transistor orthe shallow isolation trenches. Alternate- 
ly, a gate cap can be formed by silicidation. 

Referring now to Figure 9, an alternative varia- 
tion of the invention is shown corresponding to the 

45 process at Figures 7 and 8. In this variation, selective 
formation of silicide rather than selective deposition 
of metal is carried out, preferably by silicidation and 
wet selective etching, to form a metal silicide at the 
bottom to trench 71. This is not necessary to the in- 

so vention but may be preferable because of improved 
interface uniformity achieved thereby. 

It is also to be understood that the foregoing 
method of forming the FET in accordance with the in- 
vention is also applicable to the formation of P-FETs 

55 simply by reversing the impurity types indicated. Also 
for the N-FETorthe P-FET, an additional angled im- 
plant on either side of the gate can be done to reduce 
punch through effects. Formation of transistors of 
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both N-FETand P-FET types can be formed together 
on the same substrate for CMOS integrated circuits 
and many steps may be done simultaneously for both 
types of transistor without increasing registration tol- 
erances. 

In view of the foregoing, it is seen that the tran- 
sistor and method of its fabrication in accordance 
with the invention provides a high performance tran- 
sistor suitable for extremely high integration density 
and of reduced fabrication complexity. The series re- 
sistance of the FET in accordance with the invention 
is reduced while substantially avoiding short channel 
effects. 



Claims 

1. Afield effect transistor including, in combination, 

a semiconductor substrate of a first con- 
ductivity type, 

a metal deposit extending below a surface 
of said semiconductor substrate by a first dis- 
tance, and 

an impurity doped region of a second im- 
purity type adjacent said metal deposit and ex- 
tending below a gate of said field effect transistor 
by a second distance, said second distance being 
less than said first distance. 

2. Afield effect transistor as recited in claim 1, fur- 
ther including 

a further metal deposit extending below a 
surface of said semiconductor substrate by a first 
distance, and 

a further impurity doped region of a sec- 
ond impurity type adjacent said further metal de- 
posit and extending below said gate of said field 
effect transistor by a second distance, said sec- 
ond distance being less than said first distance. 

3. A field effect transistor as recited in claim 2, 
wherein said impurity doped region and said fur- 
ther impurity doped region are separated by less 
than 50 nm at a location below said gate. 

4. A field effect transistor as recited in claim 2, 
wherein said second distance is less than one- 
half said second distance. 

5. A field effect transistor as recited in claim 4, 
wherein said first distance is approximately 100 
nm. 

6. A field effect transistor as recited in claim 5, 
wherein said impurity doped region and said fur- 
ther impurity doped region are separated by less 
than 50 nm at a location below said gate. 



7. A field effect transistor as recited in claim 1, 
wherein said metal deposit is a deposit of tung- 
sten. 

5 8. A field effect transistor as recited in claim 1 , fur- 
ther including a shallow isolation trench located 
adjacent said metal deposit at a side of said metal 
deposit remote from said gate. 

10 9. Amethod of fabricating afield effect transistor in- 
cluding the steps of 

forming blanket layers of a gate oxide, a 
gate electrode material and an oxide over said 
layer of gate electrode material, over a layer of 

15 semiconductor material of a first conductivity 
type having shallow isolation trenches formed 
therein, 

patterning said blanket layers to remove 
all of the material of said blanket layers except at 
20 a generally centered location between a pair of 
said shallow isolation trenches, remaining por- 
tions of said blanket layers being laterally sepa- 
rated from edges of said shallow isolation 
trenches, 

25 implanting an impurity of a second con- 

ductivity type to a first depth between edges of 
said remaining portions of said blanket layers 
and said shallow trenches, 

forming sidewall spacers on said remain- 
30 ing portions of said blanket layers, 

removing material from a surface of said 
layer of semiconductor material to a second 
depth, said second depth exceeding said first 
depth between said shallow trenches and said 
35 sidewalls, and 

depositing metal in volumes formed by 
said removing step. 

10. A method as recited in claim 9, including the fur- 
40 ther steps of 

removing said oxide overlying said gate 
electrode material, and 

depositing a cap layer on said gate elec- 
trode material. 

45 

11. Amethod as recited in claim 9, wherein said step 
of forming sidewall spacers includes forming a 
layer of oxide. 

50 12. A method as recited in claim 9, wherein said step 
of forming sidewall spacers includes forming a 
layer of nitride. 

13. A method as recited in claim 9, wherein said step 
55 of depositing metal includes selective deposition 
of metal on semiconductor material surfaces sub- 
stantially without deposition of metal on surfaces 
of other materials. 
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14. A method as recited in claim 9, wherein said first 
depth of said implanting step is less than 50 nm. 

15. Amethod as recited in claim 14 wherein said sec- 
ond depth is approximately 100 nm. 5 

16. Amethod as recited in claim 9, wherein said step 
of depositing metal includes the step of forming 
a metal silicide. 

10 
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FIG. 1 

(PRIOR ART) 




FIG. 2 

(PRIOR ART) 
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FIG. 8 
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